SUMMARY Retinal artery pressure was measured by ophthalmodynamometry in IS patients with occlusion of the internal carotid artery in its extracranial part. Nine of the patients had severe neurological deficit whereas the remaining six had slight or intermittent symptoms. Retinal artery pressure was reduced on the side of the internal carotid artery occlusion in all patients studied. Near-zero low diastolic retinal artery pressure on the affected side was a common finding among patients with severe deficit and was also seen in some patients with slight deficit. Its presence strongly suggests occlusion of the ipsilateral internal carotid artery.
MEASUREMENT of the retinal artery pressure by ophthalmodynamometry is commonly used in the evaluation of patients with cerebrovascular diseases. The interest has been especially to find abnormalities indicating stenotic lesions in the carotid artery in patients with transient ischemic attacks (TIAs), as such lesions might be surgically accessible.
1 " 4 If pressure measurements are 20% or more lower on one side than on the other, ipsilateral carotid artery stenosis or occlusion is likely to be present. However, when a stenotic lesion of the carotid artery gives neurological symptoms this is most often due to an ulcerative plaque on which emboli are formed and later detached, 6 and in these instances the retinal artery pressure need not be reduced. On the other hand, if the internal carotid artery is occluded in the neck, and if collateral circulation is insufficient, one might expect to find a significantly reduced pressure in the ipsilateral retinal artery as this artery is a side branch of the upper part of the internal carotid artery. If neurological symptoms are severe, a marked reduction of the retinal artery pressure could be expected. The present study was undertaken in order to evaluate these aspects of ophthalmodynamometry further.
Methods
Fifteen patients were studied. All had angiographically demonstrated occlusion of one of the internal carotid arteries in its extracranial part in the neck. Nine of the patients had severe neurological deficits (table 1) whereas  the remaining six had slight or intermittent deficits (table 2) . Retinal artery pressure was measured by an ordinary ophthalmodynamometer ad modum Bailliard as gram pressure which had to be applied to the ocular bulb in order to collapse the retinal arteries in the diastole and in the systole (in the tables indicated as systolic pressure/diastolic pressure). However, only diastolic values were measured in several instances as systolic readings are less accurate and more difficult, especially in patients who are somewhat unsteady as were many in the present study.
Results
The nine patients with severe neurological deficits were all studied supine. They all had a retinal artery pressure lower on the side of the occluded internal carotid artery than on the other (table 1) . A characteristic finding present in five patients was a very low diastolic retinal artery pressure on the affected side of less than 8 gm (the lowest pressure which Department of Neurology, Rigshospitalet, DK-2100 Copenhagen, Denmark.
could be measured accurately with the ophthalmodynamometer used). Another patient (Case 7) had an ophthalmoscopic picture of retinal artery thrombosis. Spontaneous retinal artery collapse in the diastoles was not observed. Only three of the nine patients studied had retinal artery pressure above 8 gm on the affected side.
In the group of six patients with slight neurological deficit (table 2) one (Case 11) had had a traumatic lesion of one eye and therefore could be studied only on the affected side. Otherwise all patients had lower diastolic and systolic retinal artery pressures on the side of the internal carotid artery occlusion than on the other, when studied both supine and erect. One patient (Case 12), however, had very low (< 8 gm) diastolic retinal artery pressure on both sides suggesting bilateral carotid artery disease, but angiogram was performed only on the symptomatic side. Studied in the supine position only, one of the six patients had a diastolic retinal artery pressure of less than 8 gm. However, such a low pressure could be provoked by the erect posture in two of four patients studied in this position.
Discussion
The results of the present study demonstrate reduced retinal artery pressure on the side of the occluded internal carotid artery in all patients examined. In the group of patients with severe neurological deficit near zero (< 8 gm) but not zero, low diastolic pressure was a common finding and such low pressures were also encountered in some of the patients with slight neurological deficit. The pressure in the retinal artery in cases of internal carotid artery occlusion will depend on the collateral circulation; if neurological deficit occurs, the collateral circulation must be insufficient and a very low diastolic pressure in the retinal artery can be expected. In fact, the blood flow to an organ will stop when the diastolic blood pressure and the extravascular pressure reach each other. 6 Thus, if the "true" diastolic retinal artery pressure falls down to (or below) the intraocular pressure, i.e., the retinal artery pressure measured by ophthalmodynamometry falls to zero, then the retinal circulation stops and a picture of retinal infarction similar to that of central retinal artery thrombosis can be expected. Such an appearance of the retina in internal carotid artery occlusion has been reported, 7 and one of the patients in the present study had signs of central retinal artery thrombosis. But this might be due to an extension of the carotid occlusion to the retinal artery.
In some patients near-zero low diastolic retinal artery pressure was observed only in the erect posture and not when supine. been reported by another author. 8 The change from supine to erect posture ordinarily results in a blood pressure fall in the major arteries of the head ("systemic blood pressure fall") which is only about the difference in hydrostatic pressure between the heart and the head. Thus, in the patients mentioned the relative fall of retinal artery pressure was much more pronounced than the fall of systemic blood pressure. This difference may be explained by the following mechanisms. First, the zero pressure of the retinal artery pressure measured by ophthalmodynamometry and of the systemic arterial pressure is not the same, the former being the intraocular pressure higher than the latter. Secondly, and maybe even more important, the response to a blood pressure drop will in normal tissue be a vasodilation and maintenance of blood flow, but in areas of diseased or marginally low perfused tissue this response may be abolished (lost autoregulation). Thereby an even small systemic blood pressure fall may result in a shunting of the blood flow away from the diseased toward the non-diseased tissue and thus in a marked fall of the blood pressure in the diseased tissue, e.g., in the retinal artery pressure.
Near-zero low diastolic retinal artery pressure or retinal appearance on infarction with absent pulse has been reported in only a few patients with cerebrovascular attacks with internal carotid artery occlusion, 7 
"
10 and has not been observed in the majority of such patients as well as not in patients with stenosis of the internal carotid artery.
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The more frequent finding of near-zero low retinal artery pressure in the present study of patients with occlusion of the internal carotid artery is probably due to the selection of the patients with very severe neurological deficit of acute onset. Near-zero low diastolic retinal artery pressure ordinarily is not observed in stenosis of the internal carotid artery. Therefore, the finding of such a low retinal artery pressure on the affected side in a patient with an acute stroke is strongly suggestive of an occlusion of the internal carotid artery in the neck. Obviously the pressure is not always so low and will depend on the collateral circulation which may be much better to the eye than to the brain. On the contrary, one might expect to find a near-zero low diastolic retinal artery pressure in some patients with a stroke without carotid artery occlusion but with a retinal artery stenosis or thrombosis (near-zero low pressure is not the ordinary finding in this disease) or with a unilateral glaucoma with a markedly increased intraocular pressure. These situations are, however, undoubtedly exceptionally rare. The clinical consistency of ophthalmodynamometry is symptomatic carotid artery occlusion and can be summarized as follows: Retinal artery pressure is practically always lower on the side of the occlusion than on the other. The diastolic retinal artery pressure is often near zero, low on the side of the occlusion. The finding of a near-zero low diastolic retinal artery pressure nearly always indicates an ipsilateral occlusion of the internal carotid artery.
